Phototropic sensitivity in hypocotyls of dark-grown, 4-d-old radish seedlings (Raphanus sativus L, cv. Miyashige) was investigated with reference to the influence of pre-exposure treatment.
INTRODUCTION
Since the observation of phototropism by Darwin (1897) that seedlings of plants bend towards the light source when they are exposed to a lateral light, a great deal of research has been made to elucidate the mechanism of this phototropic curvature (Dennison, 1979 ; Pickard, 1985) . Action-spectrum studies showed that the most effective light for the response is blue region (Curry, 1969; Dennison, 1979) . Dose-response studies showed that the response exhibits energy dependency ; many dark-grown seedlings show first positive, then indifferent, and then second positive curvature as the energy in the light stimulus is increased (Zimmerman and Briggs, 1963; Briggs, 1964; Iino et al., 1984) .
In the hypocotyls curvature of several dicotyledonous plant species, it has been reported that light-grown seedlings respond to a much larger extent to lateral light irradiation than dark-grown ones (Franssen and Bruinsma, 1981; Hart and MacDonald, 1981) . Also phototropic sensitivity of dark-grown seedlings was increased by pre-exposure treatments with red light (Kang and Burg, 1974) or blue light (Franssen and Bruinsma, 1981) , and with white light (Hart and MacDonald, 1981) . However, the action-spectrum and perception site of pre-exposure light to enhance the phototropic sensitivity as well as this enhancement mechanism is not fully understood.
The purpose of this research was to investigate the perception site of the pre-exposure light to enhance phototropic sensitivity in dark-grown radish seedlings and to determine the light requirement of the seedlings for the development of sensitivity. Vol. 35, No. 3 (1997) 
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RESULTS AND DISCUSSION Figure 3 shows the time course of the change in phototropic curvature of the 4-d-old dark-grown radish seedlings after the onset of continuous unilateral irradiation.
The phototropic curvature started after a 20 min lag-time and increased until 100 min. After this time the seedlings started to curve back, which may result from interference in the phototropic curvature by gravitropic and autotropic straightening (Shen-Miller and Gordon, 1967; Orbovic and Poff, 1991) . The continuous unilateral irradiation at 0.1 W m-2 could induce the second positive phototropic curvature according to the phototropic dose-response relations for radish seedlings (Steyer, 1967; Everett, 1974) .
Pre-exposure treatment increased the phototropic sensitivity in the dark-grown seedlings ( Fig. 4) . By 100 min, the phototropic curvature of the pre-exposed seedlings increased about 1.5-fold compared with that of the dark-grown seedlings ( Figs. 3 and 4 ). However, the shapes of their time courses as well as the lag-times were similar. To investigate the light requirement of the dark-grown seedlings for the development of the phototropic sensitivity, the dark-grown seedlings were pre-exposed with white light from above for different periods of time. Subsequently they were unilaterally irradiated and their curvatures were measured after 100 min of unilateral irradiation, at which point of time most seedlings had reached their maximum curvature. The phototropic sensitivity started to develop rapidly and reached plateau value after 3 h (Fig. 5 ). This result indicates that 3-h pre-exposure with white light at 0.1 W m-2 is sufficient to enhance phototropic sensitivity of the dark-grown seedlings.
The site of perception of the light to enhance the phototropic sensitivity was also investigated. The hypocotyls or the apex and cotyledons of the dark-grown seedlings were covered with aluminum foil during 3-h pre-exposure treatment. After removing the foil, the seedlings were unilaterally irradiated and their curvatures were measured after 100 min. The effect of the pre-exposure on the curvature disappeared by covering the hypocotyl, whereas covering the apex and cotyledons was ineffective in the development of the phototropic sensitivity (Table  1 ). These results indicate that the pre-exposure of the hypocotyls only induced the development of the phototropic sensitivity ; the pre-exposure of the apex and cotyledons had no effect.
There is a possibility that the hypocotyls is so stressed by covering treatment that no induction of the development of the phototropic sensitivity could occur. To investigate the effect of this stress on the phototropic curvature, the seedlings were covered with transparent plastic film. Table 2 shows the covering treatments of the seedlings did not interfere with the phototropic curvature. As shown in Table 1 , the hypocotyls of the seedlings seemed to have Environ.
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